By using the coincidence degree theory due to Mawhin and constructing the suitable operators, the existence of solutions for boundary value problems of fractional differential equations at resonance is obtained. An example is given to illustrate our result.
Introduction
Fractional differential equations arise in a variety of different areas such as rheology, fluid flows, electrical networks, viscoelasticity, chemical physics, etc. (see [1] - [2] and references cited therein). Recently, boundary value problems of fractional differential equations have been studied by many authors (see [3] - [5] and references cited therein).
Motivated by the results of [3] [4] [5] [6] [7] [8] , in this paper, we investigate the existence of solutions for the fractional differential equation at resonance:
where satisfies condition,
In this paper, we will always suppose the following conditions hold. satisfies condition, that is f(. ,u) is measurable for each fixed is continuous for a.e. , and for each r > 0, there exists such that for all .
Preliminaries
For the convenience, we introduce some notations and a theorem. For more detail see [9] . Let X and Y be real Banach spaces and let L : domL X Y be a Fredholm operator with index zero, be projectors such that It follows that is invertible. We denote the inverse by K P .
If is an open bounded subset of X, the map N : X Y will be called L-compact on if is bounded and is compact. provided the right-hand side is pointwise defined on ,where . Lemma 2.1. Assume > 0:
(1) for a.e. ,where . 
Main results
In order to obtain our main result, we firstly present and prove the following lemmas. (1) for every (2) for every ;We need only to prove:
Take According to Lemma 3.5, we know for . By the homotopy of degree, we get that By Theorem 2.1, we can get that Lu = Nu has at least one solution in has at least one solution in X. The prove is completed.
Example
Let's consider the following boundary value problem By simple calculation, we can get that (H1)-(H4) and the first part of (H5) hold. By Theorem 3.1, we obtain that problem (4.1)-(4.2) has at least one solution.
